Several derivatives of the 1,3,5-triazines (s-triazines), are effective herbicides and are extensively used to con trol weeds selectively in crops, nurseries, orchards and as soil sterilants for non-selective weed control on industrial sites, rights-of-way and irrigation ditches. The s-triazine compounds exert their herbicidal pro perties by interfering with the photosynthesis process in plants, however, the details of their mode of action are not fully understood *. The similarity of the chemi cal structure of these compounds to the pyrimidine constituents of nucleic acid is the basis for our specu lation that the s-triazine may be involved in the nucleic acid metabolism of plants. This investigation was there fore conducted to determine whether or not re presentatives of this class of herbicides could mimic the pyrimidines and be incorporated into the nucleic acids of bacteria.
Materials and Methods
The bacterial inocula in these experiments were ob tained by an overnight incubation at 37 °C of the triple auxtotroph Escherichia coli 15 arg-, t~, u~, (requiring arginine, thymine and uracil), in 100ml of minimal medium2 containing 0.2% glucose and supplemented with arginine (50 ppm), thymine (4 ppm) and uracil (20 ppm). These cultures were used as the source of inoculum the following day to prepare fresh three-hour cultures, grown at 37 °C on a rotary shaker, which were used for the experiments reported in Tables 1  and 2 . The turbidity of the three-hour cultures reached a value of about 150 Klett-Summerson units. This culture was then divided into three equal parts and the bacteria were collected by centrifugation and washed twice with sterile saline solution. The harvested cells of each part were then suspended in 500 ml of fresh minimal medium containing 0.2% glucose and the specific supplements as listed in Tables 1 and 2 . Prometryne (p) and cyanuric (c) were randomly radiolabeled with C14. The flasks were incubated on a rotary shaker at 37 °C and samples were withdrawn at inter vals for turbidity measurements and viable count determinations. Table 2 . Incorporation of C14-ring labeled cyanuric acid into the nucleic acids of E. coli arg", t~, u-. Each sample contained 7 mg (100 uc) of C14-cyanuric acid.
After an incubation period of approximately four hours, the cells were harvested separately from each flask and thoroughly washed saline solution. An ex haustive washing with 95% ethanol followed to insure the complete removal of the s-triazine compounds. The nucleic acids were isolated from the bacteria by a modified dupanol-phenol extraction3 which facilitates the separation and purification of DNA and RNA. A Packard Liquid Scintillation Counter was used to measure the radioactivity in the nucleic acid fractions after combustion 4.
Results and Discussion
Radioactivity was observed in the nucleic acids iso lated from bacteria grown in media in which either thymine or uracil was replaced with C14-prometryne or C14-cyanuric acid, Table 1 and 2. The results suggest that prometryne or cyanuric acid, or one of their derivatives, may partially replace uracil in RNA and thymine in DNA. Substitution of either of these triazines for cytosine in both types of nucleic acids cannot be excluded. No significant amount of radioactivity could be detected in the nucleic acids of the cells grown in complete media which also contained either of the radiolabeled s-triazines.
Viable count determinations of the control, sample 1 increased fourfold. Sample 3, where the triazine was substituted for uracil, showed a doubling of viable cells from the original inoculum, whereas a slight decrease in viable cells was observed in sample 2, triazine sub stitution for thymine.
Apurinic acid, prepared from the differend DNA samples according to the method of Tamm et al.5, Table 1 , showed about the same magnitude of radio activity as the undegraded acid. This finding provides additional evidence that prometryne function as a pyri midine base analog.
The effect of cyanuric acid upon the growth of the mutant used in these experiments was similar to that of prometryne. It was speculated that because of the simpler structure of cyanuric acid in comparison to prometryne, the former compound would incorporate into the nucleic acids to a greater extent than pro metryne. The data in Table 2 confirm this hypothesis. These data show that the incorporation of cyanuric acid into the nucleic acids occurs in the same manner as does prometryne but to a greater degree. At present it is not known in which form the herbi cide is incorporated into the nucleic acids. The question, however, was partially resolved by subjecting the acid hydrolysate of the DNA from sample 2, Table 2 , to thin layer chromatography (isopropanol: 0.1 N NH3 , 4:1). Radiolabeled cyanuric acid was re covered from these chromatograms. This evidence, plus the fact that diauxic growth curves are not obtained, strongly indicates that the triazine ring is incorporated intact into the nucleic acids. Incorporation of a base analog into nucleic acid means the formation of the A^-glycosidic bond between the analog and the sugar moeity of the nucleic acid. Although this was not demonstrated, the specific distribution of the radio activity (see Tables 1 and 2 ) and the fact that the radioactivity remained in the apurinic acid provides sufficient evidence that both of the s-triazines were in corporated into RNA and DNA.
Studies are in progress to elucidate the mechanism of incorporation as well as to determine the relationship of structure of the s-triazines to their incorporation into nucleic acids and the significance of such incorporation to the mode of herbicidal action and mutagenicity. Der rote Farbstoff des Markes konnte zwar mit Ace: ton extrahiert, aber nicht kristallin erhalten werden.
Sekikasäure ist bisher nur aus Ramalina-Arten be kannt 3> 4.
